OBJECTIVES: To assess the relationship between eating food purchased away from home (FAH) and longitudinal change in body mass index (BMI) z-score among girls, and to assess the longitudinal tracking of eating FAH from childhood through adolescence. DESIGN: Participants kept 7-day dietary records at two points in time. The records included the place and time for all foods consumed. We recorded how often participants ate FAH, calculated the percent of total energy derived from FAH, and classified foods as quick-service food, coffee-shop food, or restaurant food. PARTICIPANTS: Healthy girls (n ¼ 101) between the ages of 8 and 12 y at baseline and 11 and 19 y at follow-up participated in a longitudinal study of growth and development at the Massachusetts Institute of Technology. STATISTICAL ANALYSES: Analysis of variance was used to assess the relationship between change in BMI z-score and both the frequency of eating FAH and energy derived from eating FAH. The participants' baseline BMI z-score was a significant covariate and was controlled for in both models. We used the kappa coefficient to assess FAH tracking from childhood through adolescence. RESULTS: The frequency of eating quick-service food at baseline was positively associated with change in BMI z-score (F ¼ 6.49, Po0.01). Participants who ate quick-service food twice a week or more at baseline had the greatest mean increase in BMI zscore compared to those who ate quick-service food once a week or not at all. Quick-service food eating tracked slightly from childhood through adolescence (k ¼ 0.17, Po0.05). DISCUSSION: Adolescent girls who eat quick-service food twice a week or more are likely to increase their relative BMI over time.
Introduction
Overweight and obesity are epidemics in the United States. Approximately 61% of adult Americans are either overweight or obese, and obesity is the second leading cause of preventable death. 1, 2 Furthermore, just over 15% of children 6-11 y of age and adolescents 12-19 y of age are overweight. 3 Healthy People 2010 objectives include reducing the prevalence of overweight to 5% of children and adolescents. 4 Although only 25% of adult obesity begins in childhood, childhood overweight leads to more severe obesity in adults, 5 and is associated with increased risk of adult morbidity and mortality. 6 One potential contributor to overweight and obesity may be eating food purchased away from home (FAH) because of its dense energy content 7, 8 and typically large portion sizes. [8] [9] [10] Eating FAH is common in the United States. In 1998, Americans spent close to 50% of their food dollar on food obtained away from home and, in 1994, 56% of Americans ate away from home at least once a day.
energy-dense foods. 13 Therefore, those who frequently eat FAH may consume energy in excess of daily need, thereby increasing their risk of becoming obese.
Results from several studies demonstrate a positive association between eating FAH and obesity in adults. [14] [15] [16] [17] [18] However, few child and adolescent studies have examined this association, and none have been longitudinal. To help establish this eating pattern as a causal factor in the development of obesity, longitudinal study is necessary. Unhealthy patterns of eating that develop during youth may persist beyond childhood 19 and contribute to adult obesity.
Child or adolescent interventions aimed at promoting healthy eating or improving eating habits may therefore have a great impact on adult health outcomes.
To determine if eating FAH in childhood is associated with longitudinal change in relative overweight and to determine the tracking between eating FAH from childhood through adolescence, we analyzed 7-day dietary records provided by girls at two points in time: at baseline, between the ages of 8 and 12 y, and at follow-up, between the ages of 11 and 19 y.
Methods

Participant recruitment
Participants in this study were a convenience sample of girls originally enrolled in a longitudinal growth and development study started in 1990 at the Clinical Research Center at the Massachusetts Institute of Technology (MIT). 20 Study participants were recruited from Cambridge and Somerville schools, and a MIT-sponsored summer day camp. The participants' friends and siblings were also invited to enroll. By pre-established criteria, at enrollment, all of the study participants were premenarcheal, had a triceps skinfold thickness below the 85th percentile by age and sex, and were in good health. 20 Each girl was paid $50.00 at baseline and $75.00 at exit for participation in the study. Both the Committee on the Use of Humans as Experimental Subjects at MIT and the Human Investigations Review Committee at the New England Medical Center approved the original study. 21 Original study participants were asked to provide 7 consecutive days of dietary records at baseline and at intervals of several years throughout the study. Such records were to include the time, place, type, and amount of all foods and beverages consumed. Participants were included in this analysis if they provided two complete dietary records separated by at least 1 y, with a maximum length of followup of up to 10 y. The follow-up time varied because girls exited the study 4 y after menarche. A dietary record was considered complete if it included at least 6 days including one weekend day, and had complete coding of time and place of consumption for all items recorded.
At enrollment, a research dietitian taught the participants how to keep a dietary record. To maximize compliance with dietary record-keeping, the dietitian phoned each participant twice during the record-keeping weeks, and later reviewed the entire record with the participant, clarifying all questions and making marginal notes that we later used in our reanalysis. 
FAH classification
We decided a priori to create three categories for FAH: quickservice food, coffee-shop food, and restaurant food. United States Department of Agriculture (USDA) school meals were not classified as FAH and were not included in this analysis.
While it is conventional to distinguish between quick-service food and restaurant food, we also distinguished quick-service food from coffee-shop food, because of potential behavioral differences between those who consume quick-service food as opposed to coffee-shop food. A food or beverage was classified as quick-service food if it came from a national quick-service food outlet or from local submarine (sandwich) shops, ice cream parlors, and street vendors. A food or beverage was classified as coffee-shop food if it came from a coffee shop or a doughnut shop. A food or beverage was classified as restaurant food if it came from a pizza parlor, a self-service restaurant, or a wait-staff restaurant.
For each category of FAH, we counted the number of occasions per week, and created a three-category variable representing those who did not eat FAH, those who ate FAH once a week, and those who ate FAH twice a week or more. A food or beverage consumption occasion was considered discrete if 15 min or more separated it from another occasion. Most girls ate recognizable meals or snacks that were separated by a time interval of several hours. Some participants 'grazed', however, and it was necessary to apply a definition (415 min apart) to distinguish between seemingly continuous events.
We also calculated the percent of weekly energy intake derived from each category of FAH relative to total weekly energy intake, and created a three-category variable based on tertiles, representing those who did not eat FAH, those who obtained 0.1-5.9% of their energy from FAH, and those who obtained 6% or more of their energy from FAH.
Study end point
Body mass index (BMI; BMI ¼ weight (kg)/height 2 (m)) is often used as a surrogate for adiposity. 23 Rather than using FAH as predictor of change OM Thompson et al absolute BMI, we used a BMI z-score because it provides a relative measure of adiposity adjusted for age, and minimizes the effect of varied time between baseline and follow-up. A BMI z-score is the number of standard deviation units that a person's BMI is from a mean or reference value. A positive change in z-score from baseline to follow-up indicates an increase in relative BMI over the time interval; a negative change in z-score indicates a decrease in relative BMI. The zscores were computed with reference to sex-and age-specific mean BMI values and distributions using the Centers for Disease Control and Prevention Growth Chart data.
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Trained health-care professionals measured the participants' weight on a Seca scale and height on a stadiometer, while in hospital gowns at baseline and during the subsequent study years.
Covariates
The MIT study staff collected data on additional covariates that could influence weight gain. Participants self-reported their ethnicity at baseline. We classified girls as white or other for this analysis. We calculated the age from birth date to the day of visit at both baseline and at follow-up. We calculated the time elapsed between study intervals by subtracting the baseline visit date from follow-up visit date. The age and elapsed time between study intervals were treated as continuous variables. Participants were asked to classify their own physical activity level at baseline and at follow-up as more active, less active, or similar to their peers.
The participants' parents completed a survey at baseline. In this analysis, annual household income was classified as greater than $50 000 or $50 000 or less. Parents' education was classified as less than college-educated, college-educated, or postgraduate. The parents' weights and heights were obtained while dressed without wearing shoes at baseline or during a follow-up visit. The weight and height data were used to calculate maternal and paternal BMI.
Statistical methods
Analysis of variance adjusted for unbalanced cell size 25 was used to assess the relationship between change in BMI zscore and frequency of eating FAH, or percent of energy derived from eating FAH. We examined the potential influence of elapsed time between baseline and follow-up, physical activity and age at baseline and follow-up, baseline BMI z-score and ethnicity, and parental BMI, income, and education. The participants' baseline BMI z-score was significantly associated with change in BMI z-score, and was therefore included in the models. None of the other covariates were significantly associated with change in BMI z-score, and were therefore not included in either model. We used the kappa coefficient 25 to assess the measure of tracking of eating FAH from childhood through adolescence. Benchmarks from Landis and Koch 26 were used to determine the strength of tracking for the observed kappa coefficient.
Results
Sample characteristics
Of the 196 girls who completed the origional study, 101 had complete baseline and follow-up dietary records and were included in the current analyses. In all, 74% of the study participants were white. At baseline, 40% of participants considered themselves to be as active as their peers and 51% considered themselves to be more active than their peers. Baseline BMI was below the 85th percentile for age and sex for most participants (96%), but 4% of participants had a BMI at or above the 85th percentile. At follow-up, 9% of participants had a BMI at or above the 85th percentile. The majority of participants (60%)came from families earning at least $50 000 annually, and most of the mothers and fathers had at least college-level education (72 and 81%, respectively). Mothers' and fathers' BMIs ranged from underweight to obese (Table 1) .
At baseline, the median age was 9 y and, at follow-up, it was 15 y. The participants' follow-up records were completed a median of 6 y after baseline records were completed. Weights and heights varied among participants, as did BMI and BMI z-score. The median change in BMI z-score, for example, was 0.3 standard deviations, suggesting an increase in adiposity. Participants having the greatest change in BMI z-score had a lower BMI z-score at baseline (r ¼ À0.431, Po0.001) ( Table 2) .
Dietary patterns
We considered 6-and 7-day dietary records to be complete. Most participants had 7-day dietary records at baseline (97%) and at follow-up (91%). There were no differences in the quality of record keeping between 6-and 7-day dietary records.
At baseline, 71% of participants ate FAH. At follow-up, this percent increased to 86% and the median number of total FAH occasions increased from two to three times a week. Most of the participants who were eating FAH were doing so once or twice a week, but some were eating FAH as much as five times a week at baseline and even more frequently at follow-up. The proportion of energy intake derived from eating FAH made a relatively small contribution to the overall weekly energy intake. Most of the FAH was from restaurants and quick-service food outlets, and not from coffee shops (Table 3) .
In analysis of variance adjusted for unbalanced cell size, the weekly frequency of consuming quick-service food at baseline was positively associated with change in BMI z-score (F ¼ 3.37, Po0.05), but the frequency of eating in coffee shops and in restaurants at baseline was not ( Table 4) . The relationship between baseline frequency of quick-service food consumption and change in BMI z-score was strengthened after adjusting for baseline BMI z-score (F ¼ 6.49, Po0.01). Duncan's multiple range test (P ¼ 0.05) showed that participants who ate quick-service food twice a week or more at baseline had the greatest mean increase in BMI z-FAH as predictor of change OM Thompson et al score at follow-up, and this change was significantly different from that seen in girls who ate quick-service food once a week or not at all (Po0.05). Upon further examination of quick-service food intake, we found no statistically significant relationship between baseline quick-service food consumption and baseline energy intake. For example, girls who were eating quick-service food twice a week or more were consuming more energy on average than girls who were eating quick-service food once a week or not at all (72.6 kJ (303.8 kcal) and 50.9 kJ (212.9 kcal), respectively), but the relationship was not significant (F ¼ 2.72, P ¼ 0.071). There was no relationship between change in BMI z-score and the percent of weekly energy intake from each category of FAH. Even though there was no relationship between participant age at baseline and either the length of time between baseline and follow-up or change in BMI z-score, the possibility for an effect of age and length of time elapsed existed. We therefore examined the mean baseline age and mean length of time between baseline and follow-up to determine if there were any differences among those who did not frequent quick-service food outlets, frequented only once per week, or frequented two or more times a week. In each of the three frequency categories, the mean baseline ages were similar (9.9, 10.0, and 10.3 y, respectively), as were the mean lengths of time between baseline and follow-up (5.6, 5.8, and 5.4 y, respectively).
There was slight FAH tracking from childhood through adolescence. Modest tracking was observed for those who ate quick-service food (k ¼ 0.16, Po0.05) and restaurant food (k ¼ 0.15, P ¼ 0.055), while no tracking was observed for those who ate coffee-shop food. Few participants ate coffeeshop food at baseline, but this number increased by 25% at follow-up.
Discussion
The primary purpose of this study was to determine if eating FAH in childhood was associated with longitudinal change in the relative overweight, as assessed by change in BMI z- FAH as predictor of change OM Thompson et al score. The likelihood of BMI z-score increasing over time was significantly greater for girls who ate quick-service food twice a week or more at baseline, compared to those who ate quick-service food once a week or not at all. The strength of this relationship increased after controlling for the participants' baseline BMI z-score. This finding is consistent with previous research conducted on adult women. Jeffery and French 14 found a crosssectional association between BMI and number of occasions when quick-service food was eaten. Furthermore, the increase in the number of quick-service food occasions over a 3-y study period was positively associated with weight gain in adult women who were enrolled in the Pound of Prevention study. 17 On average, an increase in one quickservice food occasion per week was associated with an increase of 0.72 kg above the average weight gain for the 3-y study period. In both of these studies, energy intake was higher for women who were eating quick-service food than for those who were not. Similarly, in our study, energy intake was highest for those who ate quick-service food twice a week or more. Quick-service food is typically convenient and inexpensive, 27 and this may lead adolescents to purchase quick-service food often and overconsume energy. Frequency and percent of energy are reported for those who consumed restaurant food and beverage (n baseline ¼ 47; n follow-up ¼ 64).
d Frequency and percent of energy are reported for those who consumed food and beverage purchased away from home (n baseline ¼ 72; n follow-up ¼ 87).
FAH as predictor of change OM Thompson et al
The secondary purpose of this study was to assess the tracking of patterns of eating FAH from childhood through adolescence. There was only slight FAH tracking for eating both quick-service food and restaurant food from childhood through adolescence, and there was poor tracking for coffeeshop food consumption. To date, no longitudinal investigations examining FAH tracking from childhood through adolescence have been conducted. One possible explanation for slight or poor tracking is that eating FAH is a consequence of increasing age, availability of spending money, and self-determination among teens. As adolescents mature, they desire independence from their parents, and might be influenced to a greater extent by peer behavior than by previous parental dietary advice.
In summary, in the current study, consuming quick-service food appeared to predispose this sample of girls to increase their relative BMI during adolescence. Since approximately 30% of adolescent girls' meals are eaten away from home and 30-32% of these meals are from quick-service food outlets, quick-service meals may be a contributor to rapid weight gain in adolescents. 27 The generalizability of our findings is, however, limited. Most participants were middle-to upperclass white girls who reported being more physically active than their peers. Although physical activity was not a significant covariate in the study, it is possible that physical activity data were misclassified. Adolescents might have a tendency to over-report physical activity and indicate being 'more' physically active than their peers, when actually they Model adjusted for baseline BMI z-score. b Standard error of the mean is defined as a statistic quantifying the certainty with which the computed sample mean estimates the true population mean. 28 c The F-test statistic is defined as an estimate of the population variance derived by dividing the population variance estimated from sample means by the population variance estimated as an average of sample variances. 28 FAH as predictor of change OM Thompson et al are not. Future investigations seeking to find valid and practical measures of physical activity for adolescents are encouraged.
There are very few published data showing nutritional differences between quick-service food and restaurant food, and even less showing differences between quick-service food and coffee-shop food. Therefore, it is not clear whether the effect of quick-service meals on changes in BMI z-score reflect nutritional differences in the source of foods, or whether consumption of food from quick-service restaurants is one in a cluster of other unmeasured behaviors that may contribute to excess weight gain. A prospective study of girls at higher risk for overweight development than those included in our study might demonstrate a stronger association of quick-service food with excess weight gain, and enable the identification of other high-risk behaviors that contribute to overweight.
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